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MEIIrOD- FOR WHTIENING TEETH 
Fidd of the Inveation 
The pneseot invention relates to a method for whiteaiing teeth. More pamcuiaily , the present 
invention relates to a method for whitening teeth which utilizes laser light to activate- bleaching 
agents. 

Background of the invention 

This plication is a continuation of application serial no. 08/708^527, filed September 5, 
1996, which is a continuation-in-paxt of application serial.no. 08/570,901, filed December 12,, 1995, 
now Patent No. 5,645,428. 

Development in the field of teisdi whitenirig has led to the presentiy used method of "power 
bleaching," which is generally described as follows. A rubber sheet or dam is placed over the 
patient's teeth so that the teeth protmde throiagh the sheet. The dam is made firom latex rubber 
forced over each tooth and held in place with metal springs, clamps, and ligatures. This partially 
protects the soft tissues of the gums from the peroxides used in bleaching. However, since the 
rubber sheet stretches and does not custom fit the particular patient's mouth, the peroxide can leJik 
around the rubber sheet and cause substantial discomfort to the patient. Typically, this method can 
be performed only on the Upper or lower set of teeth at a time, not both. 

Once the rubber sheet is in place, ai peroxide solution is coated on the teeth. Since the 
bleaching effects of peroxide are slow, the common practice is .to apply heat to the peroxide to 
accelerate the reaction. This is accomplished with the use of a heat lamp or heating iro Although 
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the heat acx:eleiates.the bleaching process, a substantial, amount of time is stiU required so. that the 
entire bleaching process- must be perfonned over several appointments, lesultdng. in ihconveoience,. 
time loss, and; substontial ejq)ense. 

The heat lamp activates the peroxide on a plurality of teeth simultaneously but, due to the 
amount of heat required, where heat is the sole means for activating the peroxide, also e;qx)ses the 
patient's fade to significantamounte of heat, which is quite uncomfortable and cannot be endured for 
a prolonged period. While the heating iron does not expose the patient's face to the same extent as 
theheat lamp, it takes ai much longer time to peiform the whitening since it afifects only one or two 
teeth at a time. In addition, prolonged exposure to heat wffl increase the temperature of the pu^; 
wifliih the tootii, causing discomfort to the patient if die pulp temperature gets too high. Since the 
amount of heat commonly used in this type of procedure could kill the pulp and cause foodi loss if 
exposure is prolonged, continuous exposure must be hmited. As a result, 2 to 5 office visits are 
required before adequate bleaching is attained. 

Odier prior art tooth bleaching techniques utilize botii light and chemical activation of 
hydrogen peroxide to accelerate the bleaching process. For example, in Toh, C.G., "Clinical 
Evaluation of a Dual^activated Bleaching System, " Asian Journal of Aesthetic Dentistiy, Vol. 1, No. 
,2, pp. 65-70 (July 1993), a powder containing potassium persulphinate (sold under die name 
"Oxone" by die DuPont Cprp.) was mixed widi solutions of hydrogen peroxide to form a paste. 
The paste was appHed to discolored teeth and activated using a dental curing light. Two different 
concentiations of hydrogen peroxide were used - 19 % and 35 % . A similar process is disclosai in 
.U.S. Patent No. 5,032,178, which also mentions the use of a 30-35% aqueous solution of hydrogen 
peroxide, with Oxone as an accelerator, and a dental curiiig light. • . 
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The diescxibed use of. the laser whitening method of the present invration has certain 
advantages over the use of dental curing lamps arid the like. For example, heat lamps designed for 
tooth whitening, such as the Union Broach Illuminator, utilize halogen bulbs which, aie significant 
sources of yellow light. However, because the pulp tissue in living teeth is red, it rapidly absorbs 
the yellbw %ht causing it to rise in temperature, resulting in patient discomfort. A similar problem 
arises with incandescent bulbs. Like halogen bulbs, they produce all wavelengths of visible light, 
much of which is absorbed by the tooth pulp. 

Also knowa in the art is the. use of a laser in coinbination with hydrogCT peroxide to bleach 
teediv For example, Spanish patent application no. ES 528007, in the name of Vicente M, Torres 
Zaragoza, generally discloses the use of laser radiation to accelerate the bleaching action of 
hydrogen peroxide, but does not disclose a specific type of laser or method of using a laser to 
accelerate bleaching. Unlike curing lights, lasers permit the practitidner to expose selected teeth to 
a focused beam of light, thereby concentrating the energy of the beam where it is needed. 

From the foregoing it may be seen that there remains a need for a method of whitening teeth 
which better protects, the soft tissues, shortens the time for the procedure, and reduces the discomfort 
to the patient. , 

In accordance with the principles of the present invention, the use of the. light ^uxce of the 
described laser permits the practitioner to choose the specific wavelength of such light that will be 
most effective in eliminating the particular stain. It is advantageous to select a wavelength close to 
the color of the stain to be bleached so that, the light wiU be absorbed primarily by the stain 
molecules rather than the tooth pulp. 
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Summaiy of the Present Invention 

It is the object of the present invention to provide a method for whiteaing teeth tliat improves 
upon prior art methods and substantially reduces disconifort to the patient. 

■It is another object of the present invention to. provide a method which can be performed 
within a short period of time, requiring only one office visit in most cases. 

These and other objects of the present invention are accomplished tlirough a method which 
utilizes laser light from an argon, ion laser to activate bleaching agents supplied to the teeth. The 
.mouth is first prepared, so that the soft tissues, of tiie gums are protected, and only the teetii -are 
exposed, This is preferably accomplished using wax-lflce strips ^lied to the gums to isolate the- 
gums from tiie chemical bleaching compounds. Typically, prior to a bleaching treatinent; the teetii 
are cleaned to remove any materials which may reduce or nullify die effects of tiie bleaching agents. 
A mixtijre of peroxide is prepared and applied to tiie teetii. The teetii are tiien exposed to laser light 
from tiie argon laser to light activate the peroxide and accelerate tiie bleaching process. 

in alternate embodimMts of tiie iny^ition, "boosters" and catalysts are used to fiirtiier 
accelerate tiie bleaching process. Boosters are chemical, compounds tiiat, like hydrogen and 
carbamide peroxide, decompose into free oxygen radicals and tiiereby increase tiie effectiveness of 
tiie bleaching compound beyond tiiat of tiie hychogen peroxide alone by boosting tiie ftee oxygen 
radical, cohcentiation. A catalyst is any substance tiiat causes a change in tiie rate of a chemical 
reaction witiiout itself being consumed by the reaction. 

In a preferred method of tiie present invention, a first bleaching st^) utilizing peroxide, light 
activated witii an argon laser, is followed by a second bleaching, step also utilizing peroxide, heat 
activated using a carbon dioxide lasCT; 

• • • 4 
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These and. other objects and advantages of the invention will become appanrat from the 
following, detailed description- of the invention. 

Dialled Description of the Inyention 

In accordance with the present invention, whitening teeth can be achieved dramatically and 
quickly using laser "energy to activate, i.e., accelerate the decomposition of, a peroxide solution 
applied to a- patient's teeth. This method of whitening teeth can be performed in one office visit and 
subjects the patient to minimal discomfort. 

Prior to applying a bleaching composition, it is necessary to isolate the patient's teeth. so that 
only the teeth are exposed and the gums protected. This can be done using a rubber dam or sheet 
as described in prior aft bleaching methods. Preferably, however, strips of a wax-like, moldable 
material having a pressure-sensitive adhesive quality are applied over the patient's upper and lower 
gums such that one side of each strip overlays the part of the teeth adjacent the gumis. This side of 
each strip is molded so that it follows the contour of tlie gums adjacent the teeth, a process called 
"festooning." The str5)s are comprised of pectin, sodium caiboxymethyl cellulose, gelatin, 
poiyisobutylene, and silicone release paper. In a preferred embodiment, strips sold under the name 
Stomahesive® strips and manufactured by ConvaTec of Princeton, NJ, may be used. The strips are 
applied by removing the backing and slightly moistening the strip before, application so that it 
adheres to the gumS; These strips are chosen because they will not melt from the heat of a heat 
lamp or laser. Any remaining exposed soft tissues of the cheeks or gums are protected with tissue 
protectants that, will break down peroxides, such as non-toxic metallic or enzymatic solutions created 
for tliis purpose, such as BriteSnule Laser Muco-Pro™ gel available from Ion Laser Technology, 
Inc. of Salt Lake City, Utah.. 

<^ ■ 
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Typically, as a precursor to the bleachinr process,, and to maximize the. bleadiing effect of 
theperoxide and ensure complete coverage of the teeth, the fiont suifeces of the teeth , are cleaned 
to remove any deposits that may interfere with the bleaching process, such as iron residues in 
iqjstick, calculus, or plaque. However, this is not a required step in the prt)cess. A preferred 
cleaning solution contains:, approximately 50% puiified:ethanol, although any concentration- between 
30% and: 90% can be used; approximately 10% hydrogen peroxide, although any concenH^on 
between 0% and 30% can. be used; an add selected from the group consistirig of phosphoric, dtiic, 
hydrocMoric, acetic, and hydrofluoric adds; and deiodzed distilled water. Typically, the final 
eonceniiation of acid is approximately 10%, although any concentration between 3% and 35% can 
be used. After cleamng, the. teedi are rinsed with deiodzed distilled water so that no significant 
contaminants remain on the fiiont surfaces of the teeth. 

Following the cleadng step, the teeth are bleached according to any pf die emlxidiments of 
lie present invention disclosed herein. The use of lasers provides several benefits over heat.lamps 
and the like.. First, a laser may be chosen with a wavelength tailored to the color of tlie stain 
molecules so that the energy of the laser is largely absoited by the stain molecules ratiier tiian the 
toodi pulp. Second, lasers provide much, greater contiol over the density of tiie energy ^lied 
during the bleaching process by providing a narrow, focused beam of hght. 

In order to bleach t^th stained with brown and gray stain molecdes, an aigon ion laser is 
used to light activate theperoxide. Argon is chosen because in die visible spectrum it produces blue 
and green light witii a wavdengdi in the range of 450-530 nanometers. Table 1 illusttates the 
relative power of the dfferent wavdengths of Ught produced by a 500 mW argon ion laser. 
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Table 1. 



Wavelength (mn) 


Power (mW) 


SpectiuHi' 


363,8 and below 


,0.344 


Ultraviolet 


454.6 


0.03 


Visible (blue) 


457.9 


0.06 


Visible (blue) 


465.8 


0.03 - 


Visible (blue) 


472:7 


. 0.05 . 


Visible (blue) 


476.5 

» 


0.12 . 


Visible (blue) 


488 


0.32 


Visible (blue) 


496.5 


0.12 


Visible (blue) 


501;7 


0.07 


. Visible (green) 


514.5 


0.40 . 


. Visible (green) 


528.7 


0.07 


Visible (green) 



As indicated in the table, in addition to the ultraviolet component, the argon laser generates two 
power spikes, one at 488 nm (blue) and one at 514.5 (green). Brown and gray stains absorb blue 
and green light well, but blood - the primary absorbing pigment in tooth pulp ~ does not. This is 
because both hemoglobia and oxyhemoglobin have relatively low energy absorption characteristics 
for light with wavelengths of 488 and 514.5 nm. In addition, unstained tooth enamel is white, 
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la^r i. al^-bed pri^y 6y oxidizing ^ 
adva^e Of t^^ a^ele^i^tt. bleach 

needed and .ni^izingpaa^discootfon by .ot^s^^ 

P.%>. Tie 6ee oxygen ^d«^^^^^^ ^^_ hydn,^ pe^xide into 
^water, dBmieafly reaa Witt and deelm>mati2e 

in onteru, avoid oyert«Sngfte;,oott, pulp* 

«o:e ton 6- Q. the „,axin.™ energy a^-Iied to a witt an aijon ia^ staid not ex««i 25 
j-xAs p. application, m a p^fe^d embodiment of the p.^ inventton. tte tota, ene,^ ^ 
deBve:«,,„eaci,tootbbytl«.at^n,a«rdn,ingU^bleacliingi.app^ ^ 

i» aclneved. for example, by the u« of an a^on ter witb an ou,p^t power of 80G^ 

-^d. per tooth. Higher or lower ,„wer la^ n«y be u«d, wid, the ^ ^ ^ 

adjusted accordingly. A. a pn^cal mate, U,eu. of an a^on laser witt a power ou^le^s than 
250mwmaynotbefea^bledue,otele„gtt,o,ex,»«,c,imerequi,^pertc„th. In addidon. the 
I-r may be operated in p.^ mode or condnut^s wave. In a p,^: embodiment ao argon 
laser with a 7.6 mm sp« diameter is used, although smaller or larger beam diamete. may also be 
.-d. Once att teeth have been neated, remaining bleaching mixnn. i,^^^ ^ 
needed, the previous steps of allying d,e bleaching mixture and acdvadng wid, d,e argon laser can 
be repeated . 

Ile.bl«.hing mixmre may also include a booster to increase the fiee oxygen .tdic^ 
concenttaaon and thus accelenue the chemi:ai: d»*romati.a,ion reacdon. A p,^ bleaching 
n^hn. fer use wid, an atson laser contains an oxygen ntdica, genetating ag^ such as a petoxide, 
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a booster, a desensitizing and color stabilizing agent, a thiekening agent, and a buffer for. 
maintaining.a desired pH range. 

A preferred peroxide is hydrogen peroxide, although any penaxide may be selected from the 
group consisting of hydrogen peroxide, carbamide peroxide, calcium caiboaate peroxide, sodium 
carbonate peroxide," and other oxygen radical generating agents. A liquid, solution of hydrogen 
peroxide . is' used in the bleaching, mixture. A preferred concenliation of hydrogen peroxide in 
solution for use in the mixture is 35-50 % , aldiough any concenliation- between 3 % and 50% can be 
usedl. The higher, the concentration of peroxide, the greater the bleaching effect, The booster is 
preferably selected from the group consisting of ammonium persulfate, sodium pasul&te, and 
potassium persulfate and has- a final concentration in the mixhjre of 30%, although concentrations 
between 1% and 80% are effective. - These compounds are; used because tiiey are particularly 
sensitive to hght, i.e., diey decompose at an accelerated rate when exposed to light from an aigon 
laser, releasing fiee oxygen radicals in die process; 

The desensitizing and color stabilizing agent is selected from the group consisting of fluoride, 
calcium, and phosphate, and is used at, a final concentration in the mixture of 1% for fluoride, 5% 
for calcium, or 2% for phosphorus/ although a concentration between 0.1 % and 10% can be used 
for any of these substances; The thickening agent is selected from the group consisting, of silicates, 
hydroxyethyJeellulose, lanolate, pataiitale, oleate, sodium lauryl sulfate, sodium steaiate, calcium 
stearate, and other fatty acids. The use of sodium silicate has been found bendicial because it has 
anafBnity for iron and odier heavy metals, and thus helps to prevent Ihem fiom breaking down the 
peroxide into molecular oxygen, which does not provide nearly the same bleaching effect as the 
desired fiee oxygen radicals. Typically, the thickening agents are used at a final concentration of 
5%, although any concentration between 1 % and 20% can be used. The buffer is selected ftom flie 
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group consisting of urea, sodium caitonate, sodium bicarbonate, calciiim caibonale, calcium 
bicaibonate, ammonium hydroxide, and caldirai hydroxide, although any buffering agent can be 
used. The concentration of the buffer wiU depend on what is necessary to maintain a pH between^ 
7 and 1 1 because the peroxide decomposes more r^idly the. higher the pH, although the optimal pH 
5 is between 7. 8 and 9. Once mixed,, a 1 to 2 milhm^ layer of the bleaching mixture is applied to 
the fiont surface of the patient's teeth. 

In order to further accelerate the bleaching process, additional steps may be employed. 
Fiist, inoidertothermaUy agitate and increase diffusion of the. peroxide, an infiared heat lamp may 
be used in conjunction with die laser. Although, foir the reasons discussed, above, such a lamp is: not 
preferred as the primary means of activation of the peroxide, it is useful as an adjunct to the argon 
^ laser to maintain the teeth at a slightly elevated temperature (100-104°F) to effect the diffusion of 

M ■ . ■ •. • 

fll the peroxide into the teeth. 

4» Second, a pigment may be added to the bleaching composition to further increiase the amount 

e ■■ ■ 

of light energy absorbed by die oxidizing molecules. For example, if a yeHow pigment is added to 
the composition, it will absorb the blue and green light from an argon laser but; substantially reflect 
^ yeUow light generated by the infrared lamp. Because the pulp in live teedi is red, yellow light is 
absorbed by the pulp,, causing pain and inflammation if the pulp gets too hot. Thus, the use of a 
yeUow pigment also acts to prevent harm to the teeth by helpmg to lower, die pulp temperature 
during bleaching. In a preferred embodiment, FD&C yeUow 5 LAKE or 6 LAKE is used as the 
pigment. Similarly, a red or orange pigment may be used in conjimction with the aigon laser. Tbe 
red or orange pigment wDl also help the bleaching mixture absorb blue, gieen .and yellow light, and 
reflect any red or orange light. 



Ul. 
m 
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As an additional step to enhance the effectiveness of the pnx^ess, tiie teeth may be subjected 
to a preconditioning step prior to the laser activated, bleaching step, as follows. An. additional coat 
of bleaching mixture, as described above, is applied to the teeth and allowed to remain in the teeth 
for a period sufficient to pennit the mixture, to soak into the teeth, this step heJ^s to ctean the teeth 
and soak them with peroxide in advance of the argon laser bleaching step. Typically, a period of 
about 30' minutes is adequate, although a period between 15 and 60. minutes may be used. This 
mixture is removed and a fresh mixture placed on the teeth for the laser activation step described 
above. It has been found that this preconditioning step improves the whitening effect of the 
subsequent laser activated bleaching step. 

The use of an argon laser in conjunction with a peroxide bleaching composition may be 
sufficient to achieve the desired shade of whiteness in many patients in a single office visit. 
However, while an argon laser is effective for whitening teeth with brown and gray stains because 
of the blue light generated, its effectiveness decreases as the teeth become whiter. This, is because 
as the light absorbing stains are dechromatized, more of the blue and green light ffom the argon 
laser is reflected. Therefore, as a. second bleaching step, an infrared light generating laser may be 
usediin conjunction with a free oxygen radical generatimg composition to further whiten teetii that 
have already been treated with an argon laser. In a preferred embodiment, a carbon dioxide (CO^) 
laser is used. The infrared energy increases the temperature of the hydrogen peroxide, thus 
accelerating its decomposition into water and a free oxygen radical. The infrared energy is quickly 
absorbed by the hydrogen peroxide and water present on the surface of the tooth enamel during the 
bleaching process. In addition, the nonliving tooth enamel acts as a heat sink to protect the living 
parts of the teeth from the energy of the laser. Thus, for lightiy stained teeth, such as in teeth 
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stained with tanic acid, an infrared, laser is more effective- than an aigon laser because the infcared 
enei^ interacts- directly with the hydrogen peroxide. 

A cait)on dioxide laser is preferred for this steg. because it generates long wave infiared 
energy (10-11 micion wavelength), which is absorbed well by water. Thus, as the peroxide 
decomposes to water and a free, oxygen radical, the water absorbs the iofiaredienetgy generated by 
the laser and is vaporized, thereby heat^activating any remaining peroxide. In onier to avoid 
oveiiieating the tooth pulp while using the carbon dioxide laser (i.e. ; raising the pu^ temperature 
more: than 6" C), the maximum aieigy imparted to a tooth with a carbon doxide laser shoiild not 
exceed 15 joules. In a prefened embodiment, a total of 12.5 joules of energy is applied to each 
tooth during an application. . This is achieved, e.g., by the use of a carbon dioxide laser, with a 
2.5W power ou^ut for a period, of 5 seconds per tooth. Higher and lower power outputs may be 
used, with the exposure time adjusted accordingly. In addition, the laser may be operated in pulsed 
mode or continuous wave. In a preferred embodiment, a cait»on dioxide laser wilii a 3mm spot 
beam is used. Once all teeth have been treated, any remaining bleaching mixture is lempved from 
the teeth. If needed, the previous steps of applying the bleaching mixture and activating with the 
carbon dioxide laser may be repealed. 

Although a CO2 laser is prefened, other infrared lasers can be used. For example, an 
Neodymiun (Nd) Yttrium Arsenic Gallium (YAG) laser may also be used. However, Nd:YAG 
lasers have detrimental side effects due to the fact that they generate energy of a shorter wavelength 
than COj lasers. The energy generated by an ND: YAG laser penetrates through tooth enamel more 
effectively than a CO2 laser and is absorbed by tiie tooth pulp, resulting in a higher pulp . 
temperature.. 

12 
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A catalyst and/or booster may also be used in conjiinGtion with a COj. laser to further 
accelerate the bleaching process. One example of a booster is sodium perborate, which decomposes . 
into peroxide to provide additional j5ee oxygen radicals, thereby effectively increasing the 
concentration of the peroxide. Sodium peiborate.is preferable for use with the carbon dioxide laser 
because its. decomposition is accelerated by heat more so than light, as compared with the boosters 
that are used with the argon laser. Other compbunds, such as. sodium carbonate, sodium 
bicaibonate, calcium carbonate, ammonium hydroxide; sodium hydroxide, potassium hydroxide, and 
calcium hydroxide, act to.raise the pH of the bleaching mixture so as to accderate bl^^ 

A preferred bleaching mixhire for use with a CO2 laser contains an oxygen radical generating 
agent such as a peroxide, a c^yst, a desensitizing and color stabilizing agent, a thickening agent, 
and a buffer for maintaining a desired pH range. The peroxide, the desensitizing and color 
stabilizing agent, the thickening agent, and the buffer and pH range may be the same as the first 
bleaching mixture. TypicaUy, the catalyst or booster is used at a final concentiation of 30%, 
altiiough any concentration between 3% and 80% can be used: Once mixed, a 1 to 2 millimeter 
layer of the bleaching mixture is ^lied to the fiont surface of the patient's teeth. 

Some of the foregoing catalysts, such as sodium carbonate and sodium bicarbonate, are also 
used as buffers. In addition to their pH raising effect, these compounds also act as catalysts, due to 
their hydrophilic effect. Iii water, ions are surrounded by a layer of water molecules, called a 
primary hydration sphere. As the water molecules form this primary sphere surround the ions, their 
polarity is oriented to exert an enhanced hydrogen-bonding attraction on other water molecules. 
This results in formation of a secondary hydration layer around the first layer. Subsequent hydration 
layers can also form, depending on the size and charge of the ions. As water molecules are pulled 
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into these hydiatibn layers, the effective concentration of the ..oxygen radical generating agent is 
increased; resulting in greater instability and a faster rate of reaction.. 

For approxiinately 72 hours following the whitening of the teeth using the aforedesciibed 
laser bleaching process, the teeth are generally more susceptible to staining because they are 
dehydrated. In order to prevent staining during this period and stabilize the color change, it is 
advantageous to provide patients with an in-home bleaching Mt, comprising an. 8-10% peroxide 
solution HI a gel and either a custom made vacuumrformed mouth guard or disposable foam tray. 
Typicajlly, the tray is . worn for at least 15-30 minutes a day for 3-10 days following the laser 
bleaching procedure, depending on the patient. 

It is to be understood that the method of the invention disclosed is a preferred embodiment 
thereof and that various changes and modifications may be made therein , without departing from the 
spirit of tlie invention or scope as defined in the following cliaims. 
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